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SUMMARY REPORT

This report summarizes the fallout pattern scaling relationships that were
developed in the period 1962 to 1964; the report includes the values of the
scaling equation coefficlients that were derived from selected fallout pattern
data. The meaning of the scalar wind speed multiplier that is used in the
scaling equatioﬁs is discussed relative to computer applications of the scal-
ing system and approximate wind speed adjustment tactors for use with wind
speed averages that may be assumed in such applications are provided. The rel-
ative degree of wind shear inherent in the scaling system parameters is also
discussed in some detail. Basic equations for relating surface density of
radionuclides and air ionization rates, including consideration of fractionation,
surface roughness, and instrument response, are given and discussed together
with the influence of these factors and others on the limiting values of K
factors that represent the relative amount of the radioactive sources contained
within the deduced area covered by the fallout patterns. Scaling equations and
data are also presented for use in estimating, for any location in the fallout
region, the time of fallout arrival, the time of fallout cessation, the varia-
tion of the exposure rate (i.e., air lonization rate in roentgens per hour)
with time during fallout arrival, and the total exposure from the time of fall-

out arrival to selected later times,
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FOREWORD

The major content of this report was developed by the author in the
period 1962 to 1964 and, in draft form, the material has been available to
computer programmers at the Stanford Research Institute (Menlo Park, Califor-
nia) and at the American Research Corporation (Fullerton, California). The
computer programs, in turn, have been avajilable to the Office of Civi! Defense,
their contractors, and others. 1In some cases programming simplifications and
interpolation schemes have been added to decrease computing time or for other
reasons, Since such changes can become iterative with respect to departures
from the original systems, and since without the original scaling functions,
the program user has no means of checking the program output, it was requested
that the original scaling equations be reported for record and for computer

program verification,

In preparing the report for publication, a few changes in scaling func-
tions were made, mainly on the procedures for estimating the time of arrival
ani1 rate of arrival of the fallout from c¢loud heights, Also, a few out-of-
date assumptions, statements, and conclusions were deleted cor revised. New
work reported elsewhere (such as that sponsoired by the Defense Atomic Support
Agency, Department of Defense) since 1964 is not discussed nor is reference
made to such studies, since the results therefrom were not available for the

analytical results summarized in this report.

Some question still exists with respect to the appropriate value of a
wind speed that should be applied in the calculations to conform with the total
and angular shear effects included in the derived scaling functions. To clarify
this question, particle displacement calculations have been added, discussed,
and a first order wind speed adjustment factor is suggested for use when an

average wind speed is assumed; the details of the discussion on this question

are given in paragraph 3,5.4.
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Chapter 3
DISTRIBUTION OF LOCAL FALLOUT

3.1 Background

3.1,1 The Distribution Process

A very simple descriptive statement of the fallout process is
that a cloud of particles is formed rapidly as the result of an explosion
and that this cloud 1s then dispersed by the wind and by the force of
gravity acting on the particles to return them to the earth, Most treat-
ments of distribution of fallcut assume that the visible volume occupied
by the nuclear cloud and stem above the point of detonation within a few
minutes after explosion more or less defines the volume source of the
fallout particles.l One treatment,2 however, considers the particle source
volure contained within the air volume swept through by the rising fireball.
In <ither case the source volumes for the particles depend on total yield
and, if other than surface detonations are considered, on the height or
depth of burst, The yleld-dependent parameters which are used to define
the particle source geometry include the cloud height, cloud thickness and
radius, and, occasionally, the stem geometry, and the time dependence of

these parameters.

One important additional factor that is usually considered in the
fallout distribution process 1s the spatial concentration of the particles
in the volume; also qualitative considerations have been given to internal

v4

circulations of the particles by several investigators, The discussion

in Reference 4 on this circulation is summarized in this chapter,

The fall trajectory of a particle through the atmosphere depends on
its own properties and on meteorological factors. The various aspects of
these factors have been discussed by Schuert,5 Anderson.2 and others.1
The major properties that influence a particle’'s fall rate through the
atmosphere are its density, diameter or size, and shape. The major meteo-
rological factors are the wind speed and direction and tne air density and

viscosity as a function of altitude.
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The two air properties, of course, are dependent on the alr pressure
and temperature, and these, in turn, change with altitude. The wind speed
and direction arc also highly variable quantities, since each has both
spatial and time variations, Thec vertical motions of the air and particle-
group diffusion can influence the fall trajectory of particles but arc

usually not taken into account in the study of the fallout distributicn

process,

It 18 often found that when the observed cloud rates of rise (or the
stahilized cloud heights) and the particle fall rates are used to compute
the time of arrival of particles at locations very close to ground zero
where fallout from stem altitudes should predominate, the calculated arrival
times are quite consistently longer than the observed arrival times., Actually,

the same discrepancy is often observed for cloud fallout at larger distances,

The consistency of the longer computed arrival time for pa~ticles falling
near ground zero suggests that when the rising cloud takes on a toroidal
mction, the larger particles are thrown fiom the gas mass e&nd experience down-
ward accelerations for some rather extended period of time, Because the
calculated fall rates include only accelterations due to gravity, the computed
time of fall (neglecting downward accelerations) from the height of the cloud
would always be longer than the true time. Conversely, when the fall rates
are used in order to estimate the height of origin of a particle from the
time of its arrival on the ground (including its rise time), the computed

height of origin 1 Lless than the cloud height.

This interpretation of the above-mentioned observations of particle
arrival time may be used to describe, in qualitative terms, the process of
stem fallout, The rising fireball takes on toroidal circulation as it rises
from the surface of the ground, and this circulation persists through tran-
sition to cloud form until the internal pressures and temperatures of the
system approach those of the ambient air, thereby establishing a large-scale
air circulation. Air and soil particles rise from directly below the cloud
in a narrow visible stem or chimney, and the surrounding air is entrained

over the whole length of this stem. This rising material flows into the
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bottom center of the cloud, and the countercurrent air flow, around the
periphery of the cloud, is downward, The observable effect, upon occasion,
is that the mass of particles appears tno flow out from ithe top portion of
the cloud and then downward, As the cloud approaches its maximum height,
the circulation pattern apparently rapidly disintegrates or breuks up into

scgregated reglons of turbulence under influence of the ambient meteorological

forces,

When the toroidal circulation starts, a particle (or liquid drop) in the
central region of the cloud would, by centrifugal force, be moved to the outer
periphery of the cloud and then be accelerated downward at specds greater than
the particle's normal fall velocity; it would then be at a lower altitude than
the cloud when its terminal fall velocity is reached. Even if this centrif-
ugal action and movement to the ¢xterior of the rising cloud did not occur for
the majority of the particles, they could still fall from lower altitudes, by
virtue of the downward circulation around the periphery of the cloud, than
would be calculated on the basis that gravity-pull alone was overcoming the

gross rise rate of the visible cloud.

However, even with toroidal motion, the separation of fallout particles
by slze because of gravity forces is still a valid concept. The smaller
particles will not move outward by centrifugal forces as far as the larger

ones in the circulation, and they could be swept back upward through the

cloud as long as the velocity of the rising air is sufficiently large. This
type of particle source circulation and ejection can be used to explain the

observed change in radiochemical composition of different size particles
discussed in Chapter 2, Reference 6,

The major radiological factors in the fallout distribution process are
the fission yield and the variation with particle size of the gross radioac-
tivity carried by particles of a given size. The first essentially determines
the total radioactivity available for distribution on the particles; the second

involves the distribution of that radioactivity among particles of different

silzes,
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3.1.2 Mathematical Representations

The original attempt to describe and/or predict the end result
of the fallou* distribution process — the fallout pattern — was made by
C. F. Ksanda and coworkers in 1953.7 The original scaling method was bacsed
on the work of Laurino and Poppoff,8 which described some fallout patterns
for low-yield devices derived from observed data obtained during Operation
Jangle in 1951, The original scaling method was intended for predictions
or estimates of fallout patterns from yields possibly as high as 10 KT.
In 19559 the method was expanded to include ylelds in the megaton range.
without adequate explicit experimental documentation. This method was sub-
sequently included in ENWIO; however, in the latest edition of this document,
the fallout pattern scaling is revised, 1In many damage assessment studies
of fallout effects, a scaling system is to be preferred over a complex

mathematical mcdel,

Mathematical models attempt to establish quantitative values for the
several fallout distribution parameters menticned above and to compute the
activity deposited on the ground at various lccations, usually through the
use of electronic computers, The general approach used and the organizations
and investigators involved in the development and testing of these models up
to 1957 is described in some detail by Kellogg.1 Later developments include

12 13
2,11 by Pugh and Galiano, by Callahan et al.,, and

the work by Anderson,
by Rapp,14 to mention a few of the unclassified repoited studles, A general
comment on the results might be that none of the models agree with each

other in several details and that none of the models reproduce very accurately
all of the few data in the yield range of 1 KT to 15 MI that are experimentally

available.

The exact causes of the differences among the various models are difficult

to isolate for at least two reasons:

1. Each model is differen” from any cther in several of its
assumptions about para eter values or in its manner of
handling the many variables mathematically,
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2. Generally, the reports describing the models do not
include sufficient detalled information regarding the
minor assumptions and the methods used in making the
computations,

If the input data in the mathematical models were all more reliably estab-
lished experimentally, many of the differences among them would disappear,
Whether this would produce better agreement with observations would still

have to be established.

In mos mathematical models, after selection of the values of the source
geometry, trajectory, and radiological factors. the computation is carried
out by dividing the source geometry for each of several particle size ranges
into horizontal discs of finite thickness., The location on the ground where
these "'particle discs' land, under the influence of stated meteorological
conditions, is then calculated. All the activity at each of a series of
coordinate points is then summed according to the number of diiferent discs

that land at the point end the amount of activity assigned to each disc.

So short a swsmary of the work on the mathematical models should not be
interpreted to mean that the efforts in the development of the mathematical
models have been small and unfruitful, O©On the contrary, much has been
learned about the fallout process through them, and most of the concepts
employed by many of the mathematical model developments are covered in the
remainder of this chapter. But to describe all the work and all the details
of each model currently in use is not considered to be within the scope of

this discussion,

3.1.3 Fallout Pattern Features

Although observed dats on fallout patterns from land-surface shots
of various ylelds are very meager, the processed data give indication in a
qualitatitive way of a number of persistent characteristics. For example, the
general shape of the fallout standard intensity contours (in R/hr at 1 hr)
from shots in which the wind structures were rather simple, resembles a shadow

of the mushroom cloud and its stem on the ground,
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Because of the shortage of reliable data on the fallout patterns from
land-surface detonations, any systematic method for scaling fallout patterns
(i,e,, methods for interpolating and/or extrapolating data from one weapon
yield to another) must take full advantage of all such apparently persistent
qualitative characteristics of the available patterns. 1In devising methods
that can convert the qualitative characteristics to quantitative ones, the
methods must, of course, be capable of at least reproducing the observed data
used in obtaining the original scaling relationships, which are given as

functions of weapon yield.

Some of the apparently persistent characteristics of the fallout patterns

from surface detonations are:

1, 1In the region near ground zerc, the intensity gradient in the
upwind and crosswind directions is very steep.

2. The high intensities near ground zero appear as an intensity
ridge (rather than as a circular peak) displaced in the down-
wind direction.

3. The length of this high intensity ridge appears to be propor-
tional to the width of the lower portion of the stem,

4. The peak intensity of the ridge increases with yield in the
1- to 10-KT yield range and decreases in the 100-KT to 10-MT
yield range.

5. The best simple empirical relationship for the variation of
the intensity with upwind and crosswind distance from ground
zero, from graphical plots of the data, is that the form Ioe’kx,
where I, is the ridge peak intensity, k 1s a constant for
a given yield, and x is the upwind and/or crosswind distance
from the upwind shoulder of the ridge peak.

6. The contours downwind from ground zero appear to be parallel
to the intensity ridge for its entire length.

7. At distances greater than the length of the ridge, the
intensity contours directly downwind decrease with distance
from ground zero.

8. At some distance downwind (or perhaps even upwind for very
large yizlds), the low-valued intensity contours fan out, and
the intensities directly downwind from ground zero rise sharply
with distance and then more slowly with distance to a peak
value,




URS 702-1

9. The distance from ground zero to this downwind peak intensity
increases with weapon yield,

10, The magnitude of the peak intensity also appears to increase
continuously with yield.

11. The distance between the lower valued contours appears to be
related to the width of the cloud (not considering wind shear
differences), and the maximum width seems to occur farther
downwind than the peak intensity.

12. The variation of the intensity with downwind distance from
this outer pattern peak can be approximated within reasonable
limits of error, if the form of the wind shear pattern is not
complex, by a function of the form I e ™, where I, 1is the
peak intensity, m is a yield-dependent parameter, and x is
the downwind distance from the peak.

The above-listed fallout pattern characteristics are based on a combina-
tion of experimental observations and analyses of field test data. The most

reliable persistencies appear to be those numbered 1, 2, 4, 6, 7, 8, and 9,

3.1.4 Simplified Fallout Scaling System for Land-Surface Detonations

The fallout scaling system described here was devi2loped for
estimating standard intensities, potential exposure doses, and other radio-~
logical quantities by use of both manual and machine computational techniques,
The system is based on corrected experimental data, on empirical relationships
among the geometrical arrangemz2nt of the cloud and stem as the scurce of fall-
out particles, and on several of the observed features of the fallout pattern
of radiation intensities on the ground. 1In the system, the cloud and stem
dimensions are stylized as simple solid geometric configurations to facilitate
the use of algebraic relationships among the model parameters and the dependence

of the parameter values on weapon yield.

In making estimates of thne hazards from fallout, for the purpose of
establishing the nature and reguired degree of protection against these hazards,
two major quantities requiring evaluation are (1) the exposure dose levels

that can result at different distances from the detonation and (2) the land

e
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surface area in which the exposure dose 1is greater than a stated amount. To
make these evaluations requires estimates of the amount of fallout that
deposits at various locations, the time at which the fallout arrives, and

the rate of its arrival,

Such general evaluations of radiological hazard levels and of the pro-
tection requirements for radiological countermeasures in defense planning
must first consider the possible levels of effect (or hazard) and, in a
generalized manner, the feasibility of methods for protecting against these
levels of possible hazard. For these purposes, a rather simplified fallout
scaling system can serve; no precise or accurate prediction of fallout under
specified detonation and wind conditions is needed or is possible, even with
the most complicated fallout models at their present stage of development,
Therefore in the following discussion the presentation is limited to the

description of a simplified version of the fallout distribution process.

The mathematical derivations of the simplified fellout scaling system
are designed to describe the fall of particles of different size-groups
from a volume source in the air; the boundaries of that source are assumed
to depend only on weapon yield. The problem is to describe mathematically
the dependence of the fallout pattern features, in space and time, on (a)
the cloud and stem geometry, (b) the particle fall velocities, (c) the wind
velocity, (d) the radiocactivity-particle size distributions, and (e) the
weapon yield,

The geometrical configuration of the cloud for the scaling system is
an oblate spheroid, and the configuration of the stem is a frustum of an
exponential cone or horn whose larger base is approximately adjacent to the
bottom of the spheroid. The fall of particles from each of these source
volumes 1s considered separately. The mathematical description and detailed
assumptions used in the development of the model are given in Reference 4;
only those details nceue” for use af the derived pattern scaling functions

are presented in the f_llowing discussion,
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Some of the pattern features of interest along the downwind axis (Y = 0)
of the idealized fallout pattern are shown in Figure 3.1 as a schematic inten-
sity profile. The numbers shown in the figure correspond to the numerical
subscripts of the scaling functions. The evaluated scaling functions :cr
these and other quantities are given in the following paragraphs as summarized
from the data given in Reference 4. In the scaling system, the fallout pat-
terns for the particles falling from stem altitudes &nd from cloud altitudes
are computed separately; at locations where these two patterns overlap, the
computed standard intensities are then added together. This is illustrated

in Figure 3.1 by the dotted line between X3 and X The standard or reference

6°
condition for all the fallout pattern scaling functions presented in the
following paragraphs and sections is 100 percent fission yield; the radiovactive

components assumed to be pregsent are discussed in Paragraph 3.4.3.

3.2 Fallout Deposition from Stem Altitudes

3.2.1 Ground Zero Intensity Ridge

The ground zero intensity ridge is depicted in Figure 3.1 by the

downwind distances x2 and X3 and the intensity 12 3
’

L 3
and x3 on the average wind speed and weapon yield is represented by

The dependence of x2

X, = 0.0327W 30 to 105 KT (3.1)

- W
2 3.96

miles; W

[}

0.230 [v 0.128]
w

and

X, = 0,0327W 30 to 105 KT (3.2)

0.230
3 Y

+ 3.96'10'128]

miles; W

for Ve in miles per hour and W in kilotons total yield. The values of I2 3
1

are estimated from

* Approximate equalities indicate smoothed logarithmic scaling functions; equal
signs are used for the basic scaling functions assumed in the derivations,




wajlsis Buyreds
u1a33ed 3INOTT8I PATFTTAWIS 8Yj Uy pasn 58 (0 = X) uI8338d INOT[(BL 93} JO SIXY
aq3 Buoly OJIZ pPUNOIH WOIF pujsumodg 9TFJoId £31F¥SULIUI dyj J0F AUTTINQ dYjvWayds ‘1'g ‘4

(SLINN 3A1LYTI3Y) X

(8J)INN JA1LVIIY) ALISNILNI QUVANYLS

URE 702-1




URS 702~-1

Oy -0.519

12 3= 3.02 x IOGVw w R/hr at 1 hr; W = 30 to 105 KT (3.3)
’

where 12 3 is the standard intensity for a 100 percent fission yield weapon,

and n_ is an empirically derived yield-dependent parameter whose value is
calculated from

n = 0.821 - 0,019] log W; W = 30 to 9,000 KT (3.4)

or
3 ]
nw = 1,200 ~ 0,115 log W, W - 9 X 10 to 10 KT (3,5)

The effective fall velocity vector for the median-diameter particles
landing at (x2 + xa)/z is given by

v = €3.9w 2980 £t e w=1 to 10% kT (3.6)

2,3

The apparent height of origin of the particles with the fall velocity vector
given by Equation 3,6 can be estimated from

z, 5 = 8,04 x 103\\'0'150 feet; W = 30 to 105 KT (3.7)
1

3.2,2 Downwind Intensity Contcurs

The downwind distance to the location X4 of Figure 3,1 on the

center line of the stem pattern is given by

X, =~ o.31evww°'2°3 miles; W = 30 to 10° KT (3.8)

The standard intensity, for a 100 percent fission yield weapon, associated
with the downwind distance designated by x4 is given by

I4 = 15.0/vw (3.9)

11
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The downwind distances, xc, to other intensity values, Is, between I2 3 and
1]

I4 on the pattern centerline from X3 to X4 are estimated from

(X, - X.) log (1, /%)
X =X, +— 3 23 s (3.10)

c 3 log (12,3/14)

The effective fall velocity vector of the media-diameter particles
landing at x4 is given by
v, =13.8w 2982 rgec W= to 10° kT (3.11)

s

The apparent height of origin of the particies with the fall velocity
vector given by Equation 3.1l can be estimated from
4 0,121 4

z, = 1.57 x 10w feet; W 30 to 4 X 10" KT (3.12)

or

z, —1,62 x 104\'10'118 feet; W

4 4 X 104 to 105 KT (3.13)

3.2.3 Upwind Distance to the 1 R/hr at 1 hr Contour

The upwind distance to the 1 R/hr at 1 hr contour (i.e., Il)'
designed by the numeral one in Figure 3.1 is estimated from
X = -0.695w0'319 miles; W = 30 to 105 KT (3.14)

1

for an average 15-mph wind speed. For other average wind speeds, this distance
on the pattern center line is calculated from
0.337 5

= - 0.174W ; = .
x1 x2 0.174 log 12'3 miles; W = 30 to 10~ KT (3.15)

where x2 and 12 are given by Equation 3.1 and Equation 3.3, respectively.

3
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The distances to locations between X1 and x2 for the intensity values, 15.

othe: than those of Il and 12 3 are estimated from
[}

(X, = X)) log 1_/L

X' = X, + (3-16)
1
c log 12’3/11

where xg is the distance from ground zero to the intensity value Is along the

center line of the pattern.

Because the upwind fallout intensity contour locations are based only on
empirical data, the scaling system cannot be utilized to estimate the diameters
of the particles landing at locations between xl end X2.

3,2.4 Stem Pattern Half-width

The (maximum) half-width of the stem fallout pattern, designated
by Ys, is the lateral distance from the center line of the stem pattern to
the 1 R/hr at 1 hr contour; it is located at the downwind distance Xs given

by

2 2
Xs = X2 4 ‘&Xz - Xl) - YS, (X2 - Xl) > Ys 3.17)
or

Xs = X2;

- <
(X2 Xl) YS (3.18) e
The value of Ys(ls), for an average 15-mph wind speed is estimated from

.400
Ys(15) = 0.316W0 miles; W = 1 to 105 KT (3.19)

For other wind speeds, the stem pattern half-width, Ys(vw)’ is calculated

from

13
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Ys(vw) = Ys(ls)ss(vw) (3.20)

in which Ss(vw) is a wind velocity correction factor, The values of Ss(vw)
are given as a function of weapon yield for several selected average wind
speeds in Figure 3.2, the value of Ss(vw) for wind speeds other than those
glven in the figure can be obtained graphically from a linear plot of Ss(vw)
against wind speed for a given weapon yield.

The lateral distances {from the pattern centcr line to other intensity
values between 12 3 and the 1 R/hr at 1 hr contour (100 percent fission yield)
’
at the downwind distance XS are estimated from

o Ygv,) 108 (1, /1))

Y =
o log 12'3/11

(3.21)

3.3 Fallout Deposition from Cloud Altitudes

3.3.1 Downwind Intensity Contours

The downwind intensity contour locations on the center line of the
fallout pattern produced by particles falling from cloud heights are defined

in terms of the intensities designated by 15, I I and I_ at the downwind

€’ "7 9

X, x7, and X_,, respectively, as shown in Figure 3.1.

distances xs, 6 9

The dimensions and height of the assumed elliptical source volume for the
particles falling from the cloud starting at times of about 3 to 10 minutes
2
after detonation, as derived from the data reported by Pugzh and Galianol" and

by Schuert,5 are represented by the following yield-dependent functions:

r = 0.46a%W° %3 nites; W =1 to 10° KT (3.22)
b= 0.265w°300 nijes; W =1 to 10° KT (3.23)
h = 3.18WO'164 miles; W = 30 to 105 KT (3.24)

14
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where r is the cloud radius, b is the

altitude of the center of the cloud,

cloud half-thickness, and Lk is the

To a first approximation, r represents

the cloud radius at the time the cloud top reaches 1its maximum height; the

visible cloud radius continues to increase for some time thereafter,

In the fallout pattern scaling system, the variation of the downwind

distance with weapon yield of the selected contour locations is mainly

accounted fur by setting tne various characteristic distances proportional

to the cloud height for a given average wind speed.

For the locations under

the cloud, some correction to allow for a decreased effective cloud radius

is included in the scaling function.

An additional, but smaller, dependence

on weapon yield of the distunces to the selected contour locations is included

to account ror a gradual shift in the

diameter of the particles that land at the designated locations.

radioactive content and in the average

This change

in radiouctive content is apparently caused by a gradual increase in the

propoition of the radioactive nuclides carried by the smaller particles as

the weapon yleld increases.

The scaling functions for estimating the distances and the intensities

for the selected contour locations are given in two sets, depending on

whether the downwind distance is less
average wind speeds less than a given
than the cloud radius, r, the scaling

speed limits for a given weapon yleld

X, = 0.186w° 2%y - 2.40w0- 177y
5 w
W =30 to
and
x. = 0.379w%°39%,  _ 2. 59w" 122,
6 W
W = 30 to

16

or greater than the cloud radius. For

speed, the distances X_ and X6 are less
Y]

functions for these distances and wind

are given by

miles; Ve < 3.28'0'245 mi/hr;
5
10 KT (3.25)
miles; Ve < 2.04W0'231 mi/hr;
5
107 KT (3.26)
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The downwind distances to all selected locatlons that are greater than

cloud radius are represented by

n

X =v X Wi miles (3.27)

o
i w i

in which Xz and n1 are constants, and the subscript i represents one of the
o

selected locations; derived values of X1

and n1 are summarized in Table 3.1,

The standard intensity for each of the selected locations 1is calculated

from
o, m
I, =KW1 log cpi(vw) R/hr at 1 hr (3.28)
in which Kz and m, are constants, and wi(vw) is given by
v »fvv2 + 3.06 vo(myw?-262
w w i
(v ) = ;
0.0531 v (m)wo.oa;o[v +Jv2 + 1.oesw°°1°2]
i w w
v, S v,r/h ;W =30 to 10° KT (3.29)
or
(v + v,r/h) +Jv2r2b-2 + (v + v r/h)2
w i i w i s
Cpi(v‘,) = ’

2.2 -2 2
(vw - vir/h) +Jv1r b + (vw \.1r/h)

v, < vir/h ; W= 30 to 105 KT (3.30)

in which v1 is the average value nf the fall vector for the particles deposited
at the location designated by i, and vi(m) is the minimum value of the fall
vector of the deposited particles, The value of !9 obtained from Equations

3.27 and 3.28 results in

17
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I = 15.0/vw (3.31)

for v 1in miles per hour,
w

The empirically derived values for the constants of the intensity scaling
functions for each of the selected contour locations are also summarized in
Table 3,)., The median diameter of the parcicles deposited at each of the
selected locations is estimated from the vy values calculated from the func-
tions of Table 3.1 (after multiplying by 1.467 to convert the values from
mi/hr to ft/sec) using data given in Reference 4, along with h. the cloud

center height, as the height of origin of the particle source.

One of the major characteristics of the fallout patter. scaling system
for the fallout from the cloud altitudes is that it specifies a peak in the

downwind intensity profile at X7. The intensity, 17, gradurlly increases

with weapon yield approximately proportional to Wo‘4. No experimental data

are available for testing the reliability of the estimates of 17 obtained

from extrapolation of the scaling functions to very high weapon yields,

The downwind distances to contours of other standard intensities on the

cloud fallout pattern center line are estimated from

(X6 - Xs) log (IS/IS).

L <
xc x5 * log (I1./1,) ! Is IG (3.32)
6 "5
(X, - X)) log (1 /1)
7 6 8 76
[ . < <
Xc XG + Tog (17/16) H 16 Is 17 (3.33)
cr
(X, - X_) log (1_/1))
9 7 7 s
= ; <
xc X7 * log (17/19) ’ Is I7 (3.34)

vhere xé is the downwind distance to the intensity, Is' for the distances less

than X7, and xc is the distance to the intensity, Is, for distances beyond X7.

19
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3.3.2 Maximum Pattern Half-Width

The maximum pattern half-width for fallout from cloud altitudes
is designated as YS, and the downwind distance to Y8 is designated as X8
(see Figure 3,1). The empirically derived scaling function for X8 is given

by

0.3
x8 = 0.325vww 15 miles; W = 30 to 10s KT (3.35)
The crosswind distances to given contours in the fallout area depend,
first, on the lateral displacement of the particles during the rise of the
cloud; second, on the wind directions at all altitudes from the bottom to

the top of the cloud; and third, on the wind speeds.

The wind speed has two effects on the lateral displacement of an inten-
sity contour. One is the horizontal displacement of particles with wind speed
because of the relative horizontal distance traveled in a given period of time,
The other is the decrease in surface density of a given size group with wind
speed because of the change in the angle of the particle trajectory. Hence,
even for the case in which the wind direction 1s the same at all altitudes,

a change in wind speed results in a change in the maximum crosswind distance

of a2 given intensity contour,

The values of Yg(ls) for the meximum lateral distance from the pattern
center line to the 1 R/hr at 1 hr contour for an average wind speed of 15
miles per hour, as derived from both observed data and csummations of the
fraction of the radioactivity contained in the fallout pattern (sce Section
3.4), are summarized in Table 3.2. The computed pattern widths include the
effect of lateral wind shear contained in the original data; this effect is

o
discussed in Paragraph 3.,5.4, Approximate scaling functions for Y8(15) are

as follows:

Yg(ls) > 0.518%° 815 nites: W = 30 to 750 KT (3.36)

20

athy
g

DR T B R




URS 702-1

Table 3,2

SUMMARY OF CALCULATED Y;(IS) VALUES FOR SELECTED WEAPON YIELDS®

W Yg(15) . Yg(15)
(KT) (miles) AMT) (miles)
5 1.90 1 33.6
10 2,28 2 40.9
20 3.18 S 53.4
S0 5.76 10 64.7
100 9.10 20 78.0
200 14.06 50 101
500 23.5 100 123

a For 100 percent fission yield

21
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and

0.283 S

Y:(IS) > 4.,75W miles; W = 750 to 10~ KT 3.37)

The variation of Y8 with wind speed (fur a given wind direction) is deter-
mined relative to Y:(IS) for a wind speed of 15 miles per hour. The representa-

tion for the variation is
o]
Ys(vw) = Y8(15)S(vw) (3.38)

in which S(vw) is the relative shear factor due to wind speed only.

The values of S(vw) determined from the fallout scaling system parameters
for different wind speeds are essentinlly independent of weapon yield., The
indicated value of YS(VW) is for the particle groups falling at the downwind
distance, Xa; the associated intensity contour that passes through the loca-
tion of Ys(vw), X

is equal to I_ for the same wind speed, The intensity

8’ 9
at the location is thus 1 R/hr at 1 hr when the wind speed is 15 miles per

hour, Values of S(vw) at several wind speeds, and the associated intensities,
are given in Table 3.3; the tabulated values of S(vw) are represented approx-

imately by

10 to 22,6 mi/hr (3.39)

S(v. ) > 0,360(1 + 26.7/v.); v
w w w
and

22.6 to 50 mi/hr (3.40)

S(v_ ) = 0.,426(1 + 19.0/v_); v
w w w

Combining Equations 3.39 and 3,40 with Equations 3,36 and 3.37 gives, for
Ys(vw),

Ys(vw) = O.ISGWO'GIS Q + 26.7/vw) miles; Ve 10 to 22.6 mi/hr (3.41)

- 0.615 )
Y8(vw) 0.221wW 1+ 19.0/vw) miles; Ve

22,6 to 50 mi/hr (3.42)

22
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Table 3.3

SUMMARY OF THE RELATIVE WIND SPEED SHEAR FACTOR, S(vw),
FOR THE FALLOUT PATTERN MAXIMUM HALF-WIDTH AND
ASSOCIATED STANDARD IONIZATION RATE
FOR SEVERAL WIND SPEEDS

Wind Speed s(v ) I9
(mi/hr) w (R/hr at 1 hr)
10 1,325 1.5
15 1,000 1.0
20 0.840 0.75
25 0.750 0.60
30 0.695 0.50
35 0.658 0.428
40 0.630 0.375
43 0.605 0,333

23
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for W values between 30 and 750 KT; and

0,283

Ys(vw) = 1,71W 1 + 26.7/vw) miles; v 10 to 22,6 mi/hr (3.43)

0.283

YB(VW) >~ 2.02w 1+ 19'0/Vw) miles; v 22.6 to 50 mi/hr (3.44)

for W values between 750 and 105 KT,

The value of Yg for the 1 R/hr at 1 hr contour for a given wind speed
{100 percent fission yield) is estimated from

YB(Vw) log 17

o -
Y8(1) = Tog (/T (17/19) (3.45)

where 17 and I9 are the intensities at X7 and X9 (Y = 0) for a given value of

V .
w

The maximum lateral distance to other intensity values between 17 and

the 1 R/hr at 1 hr contour at Xs, Y:(l) is estimated from

o log (17/15)
YS(I) = Y8(1) Tog 1, (3.46)
The downwind distance to Y8(I) is given by
X, - X)) log (1,/1)
Xg(D) = X + 8 7 r.s (3.47)

7 log (17/19)

3.4 ldealized Fallout Pattern Shapes and Areas Within Contours

3.4.1 Stem Pattern Contours

With the simplified fallout scaling system and the stylized down-
wind intensity profile, it is convenient to construct contours by using simple

geometric forms which approximate to some degree the true shapes of the contours
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and, within reasonable limits, account for the fraction of the activity

produced that falls back to earth within their areas.

The assumed shape of the intensity contours for the fallout from stem
altitudes 1s a combination of a half-ellipse and a partial circle having its
center at x2, providing the distance (x2 - Xé) is equal to or larger than the
distance Yg for the same contour of the stem pattern. For these conditions,
the major axis of the half-ellipse on the center line in the downwind direc~
tion is (xc - xs) where x_ 1s equal to x2 + [(X2 - Y":)2 - Yz)2]1/2 and the

minor axis 1s Yg the ellipse is centered at xs on the pattern center line.

The equations for the assumed intensity contour shapes, accordingly,

are given by

2 2 _ 2. - .
(X - X)7 + ¥° = (X, - X)7; X = X! to x_ (3.48)
and
o - xs)2 Y2
2+ 02=1;x=xsto)(c (3.49)

The area contained within a given standard intensity contour, for the above

assumed contour geometry, is given by

-1{,0 .
sin [Yo/()(2 - Xc)]

4
a_ = 3.1416(X2 Xc) 1 180

+ 1.5708\{[}(C - xz]

2 2 o
- 7 3 - X - . - X' 2
0,5708Y J(’(2 Xc) Yo' ()(2 XC) Yo (3.50)
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or

2 -1
. - log (12,3/13) 3.1416(x2 - xl) L sin Ys(vw)/(x2 - xl)
s log 12’3 log 12’3 180

1.5708Y (v )X, - X.) 0,5708Y (v )
s w 4 3 s W

log (12'3/14) log 1

2 2,
. ‘F*Z Xl) - \S(\w) log (12'3/15)

FLLSTOBY (v )Xy - X | (X, - X)) Z Y V) (3.51)

2

The total activity contained within the stem fallout pattern, obtained

from the integration of IsdaS (where das is calculated from Equation 3,51 over

the intensity limits from 12 3 to 14, is given by
?
1 1.186(X, - X )2 sln-lY (v )/(X, - X))
A = 2,3 : 2 1 1 - S W 2 1
s log 12.3 log 12,3 180
0.593Y (v )(X, - X,)  0.2154Y_(v )J(x - x0% - i) i
3 s w4 37 _ s W 2 1 s\ Vw
log (12'3/14) log 12’3
. - . - 2 . >> p
+ 0.682Ys(nw)(X3 Xz) ; (X2 Xl) Ys(vw), 12'3 I4 (3.»52)

For some conditions of wind speed and weapon yield, the maximum half-
width distance, Yg, will exceed the distance (X2 - Xé). As an example,
Ys(vw) for the 1 R/hr at 1 hr contour exceeds the distance (x2 - Xl) for
weapon yields larger than 22 MT and a 15 mile per hour wind speed. The
assumed contour shape for the case where Yg z (X2 - Xé) is that of two half-

ellipses, both centered at the point X, on the pattern center line, The

2
upwind half-ellipse has a major axis given by YZ and a minor axis given by
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(X2 - Xé); the downwind half-ellipse has a major axis given wy (XC - xz)
and a minor axis given by Yz. The general equations for the idealiscd

intensity contour shapes are

(X2 - X)2 Y2
5 i 1, X = X2 (3.53)

x, - X7 (YD)

c o

and
2
+ =1; XZX (3.54)
0,2 2

2 .
(Xc - X2) (\o)

The area contained within a given standard intensity contour, for the

two half-ellipses, 1is

a = 1.5708Y(X - X'); Y 2 (x_ - X') (3.55)
s C C o 2 c
or
7 ' o { - -
o 1.5708Y _(v ) log (12’3/15)[ (X, - X)) . (x4 x3) g (& /15
s log 12’3 l log 12'3 log (12'3/14) 2,3 s
- . 2 - )

+ (x3 Xz) ; Ys(vw) (X2 Xl, (3.56)

The total activity contained within these contour areas 1is glven by

.\ - 0'682Y5(vw)12,3 o 858 (X2 - Xl) (X4 - Xa) . - %y
s log 12'3 log 12’3 log (12’3/14) 3 2
= - : >
Ys(vw) (X2 Xl), 12'3 14 {3.57)
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3.4.2 Cloud Pattern Contougg

The assumed shape of the intensity contours for the fallout pattern
formed by particles funlling from cloud altitudes is described by two half-
ellipses smoothly joincd at the downwind distance of the maximum width of the
contour. The locations of the maximum contour widths fall on a line joining

X7 on the pattern center line (Y = 0) and the point XS(I),YB(I) {see Equations
3.46 and 3.47).

The general equations for this idealized contour shape are

[Xg(D - x12 2
— ¥ =15 X < X (D) (2.58)

(X (D - x:)% vam)

and

2
Er - XS(I)] . v2

2 2
(%, - xS(I)] Yg (D)

1; X 2 XS(I) (3.%59)

The area contained with a given standard intensity contour is given by
a = 1,5708Y_(X - X') (3.€0)
c 8 ¢ c

in terms of the designated distances; in terms of intensities and scaled

pattern features, the areas within contours are given by

- - )
. - 1'5708Y8(vw)108(17/15) (X9 X7)log(17/ls) ) (X7 X6)log(Is/16,
ré
c log (17/19) log (17,19) log (16/15)
+ (X - Xs) ; Is < I (3.61)




